Introduction
The enameloid in the teeth of teleostean fish consists of collagen fibrils produced by odontoblasts [1] [2] [3] [4] , but no studies have yet been carried out on the acid mucopolysaccharides in the enameloid. Using the tooth germ of Oplegnathus fasciatus, acid mucopolysaccharides in the enameloid matrix formation stage and early calcification stage were studied histochemically.
Materials and Method
Thirty tooth germs removed from the upper and lower jaws of living Oplegnathus fasciatus measuring 30-40 cm were used in this study. In order to eliminate the influence of decalcification, macroscopically transparent tooth germs which is feasible to section without decalcification were selected for examination.
1) Fixation and embedding
After 24 hours of fixation with 10% formalin containing 1% cetylpyridinium chloride, dehydration with alcohol and paraffin embedding, serial sections with 6p thickness were prepared. 2) Histochemical staining (1) Azur A staining Sections were stained at room temperature with 0.02% Azur A in a 0.1 M phosphate-HC1 or phosphate-citrate buffer solution of pH 1.5, 3.0 and 4.5 for 30 minutes.
(2) Alcian blue staining Staining was carried out for 30 minutes with 1.0% Alcian blue 8GX-0.1N HC1 solution (pH 1.0) and 1.0% Alcian blue-3% acetic acid solution (pH 2.5). 0.792 unit/mg) Sections were treated for 18 hours at 37°C in 0.5 mg neuraminidase per 0.1M acetate buffer containing 0.04M NaCl (pH 5 .3).
As the control for these histochemical studies , rat tibial epiphyseal cartilage was used.
Observations
In the tooth germ of Oplegnathus fasciatus, ameloblasts are present on the enameloid surface, and collagen-secreting odontoblasts are present below the enameloid. As the outside shape of the enameloid is completed, and the formation of dentin is started, calcification begins from the part of dentino-enameloid junction , exhibiting a calcification front on the enameloid side. Acid mucopolysaccharides were studied in the tooth germ in these two stages and the following observations were obtained. 1) Azur A staining Metachromasia at pH 4.5 was noted at both stages of enameloid matrix formation and the early calcification. In the matrix formation stage , the entire enameloid appears in r color (red-purple red) ( Fig. 1) , while at the calcification front in the early calcification stage the r color was deeper than in the matrix formation stage and in the enameloid matrix elsewhere the r color was lighter than in the matrix formation stage (Fig. 2) . No metachromasia was noted in pH 3.0 and pH 1 .5 (Figs. 3, 4) . 2) Alcian blue 8GX staining
The enameloid in the matrix formation stage was stained to the same extent in blue at pH 1.0 and: pH 2.5 (Fig. 7) . In the calcification front of the early calcification stage, the staining was denser at pH 1.0 ( Fig. 8 ) than at pH 2.5 (Fig. 9 ). Similar stainability was noted in predentin.
3) Alcian blue staining with addition of MgCl,
The enameloid in the matrix formation stage was not stained under MgC1 2 concentration of 0.8-1.0M (Fig. 10 ). On the calcification front , on the other hand, it was stained at 1.0M (Fig. 11 , Table 1 ).
4) Methylation and saponification
The enameloid at the matrix formation stage failed to show metachromasia by Azur A solution (pH 4.5) after methylation (Fig . 5 ), but metachromasia considerably recovered following saponification (Fig . 6 ). On the calcification front, on the other hand, metachromasia lost on account of methylation (Fig . 12) was slightly restored by saponification (Fig. 13) .
5) Enzyme digestion
Staining ability with Azur A solution of the enameloid in the matrix formation stage after digestion with streptomyces hyaluronidase appears a very light purple-red color and the calcification front in the early calcification stage presents itself as a purple-red zone. Staining which resists for digestion with chondroitinase ABC were similar to those after digestion with streptomyces hyaluronidase .
Azur A staining after digestion with testicular hyaluronidase gave a very light purple-red color of the enameloid in the matrix formation stage (Fig. 14) and purplered metachromasia on the calcification front in the early calcification stage (Fig . 15) .
Findings after neuraminidase digestion were similar to those after testicular hyaluronidase digestion. Table 2 summarizes these findings.
Discussion
Using Oplegnathus fasciatus, histological studies about enameloid were carried out in the authors' laboratory for the past ten-odd years and it was demonstrated that the enameloid matrix consists of collagen fibrils [1] [2] [3] [4] and the calcification of enameloid precedes the dentin calcification [4] . SHELLIS et al.[5] and SHELLIS[6] , on the other hand, conducted biochemical studies on the protein of enameloid matrix of several teleost fishes, but acid mucopolysaccharides were not examined.
In the tooth of the mammals, presence of acid mucopolysaccharides was demonstrated in enamel and dentin by KENNEDY[7] with radioautography using 35S , by KANEKo[8] In order to examine the acid mucopolysaccharides assumed to be present in the enameloid of Oplegnathus fasciatus, the author conducted histochemical staining without decalcification to study the stainability of enameloid in the enameloid matrix formation stage and early calcification stage.
As the characteristic reaction of acid mucopolysaccharide, metachromasia should be mentioned. Azur A and toluidine blue which are the thiazine dyes are known to induce metachromasia in the reaction against the acid functional group . As the result of staining of the enameloid of Oplegnathus fasciatus by the author , Azur A gave better results than toluidine blue. The presence of hyaluronic acid, chondroitin sulfate, chondroitin, keratosulfate and sialic acid among the acid mucopolysaccharides in the enameloid was presumed based on the difference in metachromasia induced by a stepwise change of pH of Azur A.
As it is desirable for histochemical analysis to use more than one staining methods in different dye systems, Alcian blue 8GX, a phthalocyanin dye, was also used. As the result, the enameloid of the matrix formation stage was stained blue in a similar degree at pH 1.0 and pH 2.5 and deeper blue staining was obtained on the calcification front in the ealy calcification stage at pH 1.0 than pH 2.5. Similar degree of staining was obtained in the predentin. Since Alcian blue 8GX method is considered to be an accurate method for the detection of acid mucopolysaccharide, presence of chondroitin sulfate which was only indistinctly demonstrated with Azur A in the enameloid of the matrix formation stage and on the calcification front in the early calcification stage was suggested.
According to the method of Scott and Dorling, the MgC12 concentration was raised to study the affinity with Alcian blue 8GX (pH 5.8) and to examine the kind of acid radicals (Table 1) and these results were compared with those of Scott and Dorling in a model experiment. In the enameloid of matrix formation stage, presence of keratosulfate appears unlikely, since the stainability was lost between MgCl2 concentrations of 0.8-1.0M. On the calcification front of the early calcification stage, presence of keratosulfate is probable in view of the positive stainability at 1.0M.
In order to differentiate between acid mucopolysaccharides with sulfuric acid radicals and those without, Azur A staining was carried out following methylation and saponification. The results suggested the presence of acid mucopolysaccharide with carboxyl radical in the enameloid of the matrix formation stage and those with sulfuric acid radical on the calcification front in the early calcification stage.
Since the experimental results obtained by the use of each of the 4 kinds of digestive enzymes revealed metachromasia resisting enzymic digestion in the enameloid of matrix formation stage and on the calcification front in early calcification stage, presence of hyaluronic acid and chondroitin sulfate A, B and C at these two sites is suggested. The possibility of the presence of hyaluronic acid and chondroitin sulfate B in the enameloid in the matrix formation stage and that of the presence of keratosulfate on the calcification front appears to be especially high.
Based on the histochemical study on the dentin of human tooth, BEVELANDER[10], EDA and TAKUMA et al. [13] reported the presence of chondroitin sulfate B, C and hyaluronic acid in the dentin. Based on the histochemical study on the acid mucopolysaccharides of human dental pulp, SENoo[l 5] suggested the participation of pulp chondroitin sulfate A, C in dentin formation.
In comparing the results obtained by the present author with these results, approximately similar results were obtained up to the enameloid matrix formation stage. It is of profound interest to note the presence of keratosulfate, which has not been described in dentin of human tooth, at the calcification front in the early calcification stage. This is due to the collagen fibrils constituents of enameloid and acid mucopolysaccharides of enameloid masked by protein [16, 17] Table 2 
